Background and Objectives: Non-synonymous single nucleotide polymorphisms are typical genetic variations that may potentially affect the structure or function of expressed proteins, and therefore could be involved in complex disorders. A computationalbased analysis has been done to evaluate the phenotypic effect of non-synonymous single nucleotide polymorphisms in the gene encoding the human hypoxanthine-guanine phosphoribosyltransferase (HGPRT-1). HGPRT-1 is an enzyme involved in purine recycling pathway and its deficiency is associated with several human genetic disorders.
computational analysis. To assess amino acid substitutions in HGPRT-1, we compared the amino acid sequence of HGPRT-1 (NP_000185.1) against the most recent EST database (build 130) using the tBlastn algorithm (http://www.ncbi.nlm.nih.gov/BLAST/) (10) (11) (12) . Overall, 110 HGPRT-1 or HGPRT-1-related sequences were screened. Only variants that were observed more than once were scored as possible amino acid substitutions and the rest were not included in the study. In addition, nonsense (*) or ambiguous (B, Z, X, etc.) amino acid substitutions were not considered in the analysis. Sorting intolerant from tolerant (SIFT) is based on a premise that protein evolution is correlated with protein function. SIFT is a sequence homology-based tool that sorts intolerant from tolerant amino acid substitutions and predicts whether an amino acid substitution in a protein will have a phenotypic effect (13) . We used SIFT to detect the deleterious coding variants and submitted the query in the form of either SNP IDs or as protein sequences. SIFT analysis was performed by allowing the algorithm to search for homologous sequences using the default settings (SWISS-PROT 45 and TrEMBL 28 databases, median conservation score 3.00, remove sequences >90% identical to query sequence). The tool generates alignments with a large number of homologous sequences and assigns scores to each residue, ranging from 0 to 1. Scores close to 0 indicate evolutionary conservation and intolerance to substitution, while scores close to 1 indicate tolerance to substitution. SIFT scores <0.05 are predicted by the algorithm to be intolerant or deleterious amino acid substitutions, whereas scores >0.05 are considered tolerant. The higher the tolerance index of a particular amino acid substitution, the lesser is its probable impact. Polymorphism phenotyping (PolyPhen) is an automatic tool for prediction of the possible impact of an amino acid substitution on the structure and function of a human protein (14) . This prediction is based on straightforward empirical rules that are applied to the sequence and phylogenetic and structural information SWALL database ID or accession number together with sequence position with two amino acid alterations. We submitted the
INTRODUCTION
Hypoxanthine-guaninephosphoribosyl transferase-1 (HGPRT-1) is an enzyme associated with Lesch-Nyhan syndrome (LNS), which leads to hyperuricemia (1, 2) . HGPRT-1 deficiency may also cause megaloblastic anemia. This enzyme plays a critical role in purine salvage pathway and catalyzes the synthesis of guanosine monophosphate and inosine monophosphate from guanine and hypoxanthine, respectively (3). Moreover, knockout of HGPRT-1 in mice inhibited the increase of dopamine in brain, but no neurological alterations have been shown (4) . Moreover, uric acid overproduction is present in all HPRT-deficient patients and is associated with lithiasis and gout (5) . Single nucleotide polymorphisms (SNPs) are known as the most common changes in the human genome, however only a small group of these variations can be considered as markers of susceptibility to various common human diseases (6) . However, understanding the functions of coding substitutions can noticeably help understand the genetics of the human phenotypic variations. Among these alterations, non-synonymous (ns) SNPs, especially missense SNPs that cause amino acid substitutions in the encoded protein sequence are thought to have significant deleterious effects on the structure and/or function of the related protein (7, 8) . Experimental analysis of all functionally important replacements is difficult. Predicting the deleterious variants for a key gene, such as HGPRT-1, from the majority of benign (no observable phenotypic impact) variants has been receiving much attention. Thus, computational strategies based on the biochemical severity of the amino acid substitution and protein sequence and/or structural information are proposed for the systematic analysis of genetic alterations (6, 9) . In this study, we predicted variations of the HGPRT-1 gene that potentially affect its protein function.
MATERIAL AND METHODS
The nsSNPs in the HGPRT-1 gene and related protein sequences were retrieved from the National Center for Biotechnology Information (NCBI) database of SNPs, dbSNP (http://www.ncbi.nlm.-nih.gov/projects/SNP) and Uniprot (http://www.uniprot.org) for the
RESULTS
The human HGPRT-1 gene retrieved from the dbSNP, dbEST and Uniprot databases contained 94 coding variants. Corresponding information for the variants including allele changes, amino acid substitutions and substitution positions are listed in table 1. In the PolyPhen analysis, protein sequences with mutational position and amino acid variants were submitted as inputs to the PolyPhen. This algorithm predicted 36 (38.2%) of these variants to be probably damaging, 19 (20.2%) to be possibly damaging and 39 (41.4%) to be benign substitutions. Moreover, all studied variants were predicted to be absolutely tolerated by the SIFT software (SIFT score= 1). The software showed low confidence that means the protein alignment does not have enough sequence diversity.
identifying the substitution. Input options for the PolyPhen server are protein sequence, query in the form of protein sequence with mutational position and two amino acid variants. PolyPhen searches for 3D protein structures, multiple alignments of homologous sequences and amino acid information in several protein structure databases. Then, it calculates position-specific independent count (PSIC) scores for each of the two variants and computes the difference of the PSIC scores of the two variants. Higher PSIC score differences indicate greater functional impact of a particular amino acid substitution. PolyPhen scores were designated as ''probably damaging'' (0.95-1), ''possibly damaging'' (0.7-0.95), and ''benign'' (0.00-0.31). evaluate the accuracy of these predictions made by SIFT and PolyPhen, as it is possible that the algorithms may have used different data sets (23) . Hence, even if the predictions made by these softwares were not completely consistent for this subset of mutations, these HGPRT-1 variants should still be regarded as candidates for SNP screening. Furthermore, molecular modeling and experimental investigations can be used to confirm our results and clarify possible regulatory functions of the studied deleterious replacements.
CONCLUSION
Screening of the HGPRT-1 gene mutations revealed the existence of many polymorphic sites, some of which are associated with phenotypic traits and diseases risk. However, given the high number of SNPs in this gene, association studies should be carried on the genetic variants with functional significance. Use of computational tools may be an alternative approach to select functional SNPs. Furthermore, molecular modeling and experimental investigations can be used to confirm our results and clarify possible regulatory functions of the studied deleterious replacements.
ACKNOWLEDGMENTS
This study received approval from the Golestan University of Medical Sciences, Iran. We would like to thank our colleagues, especially Mr. Esmaeil Samadian for useful comments.
CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.
DISCUSSION
HGPRT-1 is an important enzyme that has a key role in purine recycling pathway. Numerous investigations showed that alterations in the HGPRT-1 gene may affect its phenotype in several human disorders (15, 16) . LNS is a rare X-linked recessive inherited neurogenetic disorder caused by deletion of exons 2 and 3 of the HGPRT gene, which results in deficiency of the purine salvage enzyme (HGPRT) (17, 18) . The human HGPRT-1 gene is located in the q26-q27 region of the X chromosome and has eight introns and nine exons (19, 20) . The coding region of this gene contains 654 nucleotides encoding a core domain containing the phosphoribosylpyrophosphate (PRPP) binding site and a hood domain (residues 188-204) that binds to the purine base substrate (21, 22) . Results of the PolyPhen analysis suggested that amino acid substitutions S110L and S104A located at the flexible loop (residues 101-111), which is involved in interactions with the bound Mg 2+ PRPP molecule and F199V, H204D, D194N, D201Y, H204R and Y195C in the hood domain contributing to the purine base binding may be highly deleterious and affect the protein function. According to SIFT, amino acid changes at surface of this protein probably have less structural and functional effects because all the studied alterations have been absolutely tolerated (score= 1.00) and the role of evolutionary players may interpret these observations. Furthermore, among the damaging replacements, only D194N (rs267606863) occurs at the Mg 2+ binding site of the enzyme that has been determined to be a highly effective substitution on the structure of this protein. Considering the diversity of rules for predicting the effect of alterations on protein function, the outcomes could be somewhat dissimilar. However, the most reliable result is predictions of an SNP that overlap in various algorithms. There is no direct approach to
